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I N T R O D U C T I O N 
INTRODUCTION 
Lanthanides have genera l ly been considered to be hard 
acceptors bonding predominantly t o oxygen or nitrogen donor 
l igands with subs tan t ia l degree of ionic character. This idea 
has been exploited in the study of lanthanide con5)lexes with 
such donor molecules. A s e r i e s of lanthanide con^jlexes of Ce, 
Pr , Sm, Dy with 1,9 b is (2 aminoethyl) 1,4,6,9,12,14, hexaazacy-
clohexadecane have been prepared and characterized. The ^ HHR 
spectra of diamagnetic complexes of Ln(L)(tr if) , (L=1,9 b i s -
(2 aminoethyl)-1, 4 , 6 ,9 ,12 ,14 , hexasizacyclohexadecane, t r i f » 
tr if luoromethane-sulfonate) reveal the symmetry of these complexes 
i n so lu t ion . 
A large va r i e ty of Schiff base complexes of t r a n s i t i o n 
metal ions as well as lanthanide metals have been s tudied for 
the reason t h a t they may be synthesized by the in t e r ac t ion of an 
amine with an aldehyde. For ins t ance , complexes of Pr , Sm and 
Py with Schiff base derived from condensation of O-hydroxy-
henzoylamine and sal icylaldehyde have been studied . I t may act 
as C^ O donor which may be either monobasic or dibasic. Likewise, 
lanthanide chelates of a Schiff base[Fig. 1] derived from 2-acetyl 
pyridine and N-benzoyl glycine hydrazlde have been analysed on 
the basis of elemental analysis and spectral studies. Their IR 
and NMR spectra Indicate that coordination occurs throu^ azone~ 
thine nitrogen, pyridine ring nitrogen and the carbonyl oxygen 
of the hydrazone moiety. 
[ Fig. 1 ] 
Homo-and heterobinuclear lan thanide(I I I ) complexes vdth 
a cyc l ic Schiff base derived from condensation of polyamine 
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and 4 chloro ,2-6 , diformylphenol, have also been character ized 
on the bas i s of spect roscopic , mass spectrometric, and magnetic 
s u s c e p t i b i l i t y measurements. Electron microscopy as well as 
magnetic s u s c e p t i b i l i t y measurements suggest tha t the he t e ro -
binuclear complexes containing two di f ferent lanthanide i ons , 
ly ing a t a large dis tance from each other are not connected by 
any bridging atom. Magnetic moment of these conqplexes show the 
absence of mel^L-^etal Jnteracticn which suggest the presence of 
two magnetically d i l u t e lanthanide ( I I I ) ions. 
A s e r i e s of l a n t h a n l d e ( I I l ) conqplexes wi"Ui 4(N-acetyl) 
aminoantipyrine(NAAA) have been synthesized and character ized 
by var ious physico chemical techniqi;ies* Their molar ccnductanoe 
-1 2 -1 
ranges from 3.9 - 5.5 Ohm cm mol indicat ing non ionic 
character for them. The conformation of lanthanide(III) 
7 
ant ipyrine conplexes in aqueoxis medium has been studied by 
1 I"? 
ana lys is of t h e i r H and -^ C NMR spectra . Lanthanide ions 
were used as proton s h i f t probe. Addition of the probe ceuses 
the various H and C resonances of antipyrine to be diifted 
to d i f fe ren t ex ten t . The inf rared spect ra l evidences sMggest 
t h a t 4(N-acetyl) aminoantipyrine ac t s as a bidentate l igand 
and coordinates to the lanthanide ( I I I ) ion via i t s 0-0 s i t e . 
Another s e r i e s of lanthanide iodide complexes vdth UH-
(2 ' hydroxy 1* naphthylidene) amino antipyrine (HNAAP) have 
been reported/^ v*iere i t a c t s as a monovalent terdentate 
l igand, in the case of L a ( l l l ) and P r ( I I I ) and as neutral 
bidentate l igand i n the conplexes of Nd, Sm, Gd and Dy. In 
these ant ipyrine cotaplexes, i t has been observed that C-OH 
frequency i s l o s t as a consequence of replacement of hydrogen 
by metal. The P r ( I I I ) , La ( I I I ) complexes showed an increase 
i n (CoO) frequency by 15 cm . On the contrary a negative 
s h i f t inS)(C-0) has been observed in Sm(II l ) , Dy(III) , Gd(IIl) 
compounds. Hov^ever, i n both the cases phenolic oxygen and 
azomethine n i t rogen have been observed to be coordinated to 
lanthanide ions . Magnetic moment ind ica tes t ha t a l l the com-
plexes except for L a ( l l l ) and P r ( I I I ) are paramagnetic. Ther-
mogravlmetric study r e v e a l s t h a t L a ( l l l ) and P r ( I I I ) cooqplexes 
are more s tab le than those of Sm(II I ) , Gd(I I I ) , Py( I I I ) . 
Acetylpyridine i sonicot inoyl hydrazone(APINH)[Fig.2] 
has been shovm^ to form i :2 and 1:3 (M:L) conqplexes with 
lanthanides . They are diamagnetic a t room temperature, Nephe-
1/2 lai ixet ic r a t i o ( 3 ) , bonding paramete r (b" ) , S inha 's parameter, 
(6%) and angular overlap parameter(n) suggest a vreak covalent 
metal l igand bond formation. 
/r\. " "^' '• 
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6' 
[ Fig. 2 ] 
Lanthanide complexes of 2-6 d iace ty l pyridine dihydra-
zone with chlor ides , pe rch lo ra tes and n i t r a t e s have been 
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reported . The hydrazone a c t s as a t e t r aden ta te NNN donor 
l igand and the n i t r a t e s appear t o coordinate i n monodentate 
fashion. The difference i n the e l e c t r o n i c spectra of metal 
and free l igand can be a t t r i b u t e d to the metal l igand interactioa 
Chelates of ace ty l fer rocene benzoylhydrazone with 
lanthanide ( I I I ) ch lor ides [Fig , 3] have been prepared and 
characterized by elemental a n a l y s i s , IR, UV, molar concjbrrtaace 
thennogravimetric ana lys i s . Resixlts show t h a t the l igand 
coordinates to the cen t ra l ion in the keto form. Chloride 
ions and water molecules also coordinate to the metal ion. 
Chelates are thermally more s t ab le than the l igand due to 
the r ing formation. 
CI3T1 H2O 
[ Fig. 3 ] 
Conplexes of 2-thenoylhydrazine with lanthanide ions 
12 have been reported to have the conposit ion [Ln(TH),Cl2)Cl] 
(Ln=La(IIl) , P r ( I I I ) , Sm(II I ) , G d ( I I l ) , Dy(I I I ) . Their moLar 
conductance In IMF corresponds t o 1»1 e l e c t r o l y t e and the 
l igand [Fig. A] e^dilblts b ldenta te l i g a t i o n a l behaviour in the 
conplexes. The metal ions have been shown to be coordinated 
t h r o u ^ both the amide and amino groi;q3. 
3 0 
2 C—NH—NH2 
[ Fig. h ] 
Thermodynamic s t a b i l i t y of L a ( l l l ) , P r ( I I l ) , Sm(IIl) , 
complexes with benzoyl-Z-hydroxy 4-methoxy, 5-inethyl aceto-
phenone have been determined ^ po ten t iomet r ica l ly in 7596(Vv) 
ethanol water medium a t d i f f e ren t temperatures. Proton Hg^nd 
and metal l igand formation constants of binary conplexes of 
lanthanides with 2-hydroxymethylimidazole have also been 
calculated po ten t iomet r ica l ly in 5096(v/v) aqueous dioxane 
mediian a t 30*, A0«, 50^C. The s t a b i l i t y of the complexes 
follow the order La < Pr < Sm < Dy. S t a b i l i t i e s of the metal 
chelates has been found to be inver se ly proport ional to t h e i r 
ionic r ad i i . 
Thermodynamic parameter in the case of N-methyl e t h y l -
enediamine NN'N* t r i a c e t a t e ion (MEDIA) has also been deter-
15 
mined '^. The observed decrease in s t a b i l i t y and enthalpy of 
these chelates compared to EDTA species is ascribed to weaker 
Ln-O-N interaction due to the presence of only one acetate 
groi^ ) associated with one of the nitrogen atoms. 
PRESENT WOFOC 
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PRESENT WORK 
The tremendoxis growth i n l a n t h a n i d e chemistry persuades 
the chemist t o e:q)lore new r o u t e s for t h e s y n t h e s i s of novel 
l a n t h a n i d e c h e l a t e s . The low r e a c t i v i t y of l an than ide ions 
and i t s p re fe rence t o c o o r d i n a t e wi th oxygen donor l i m i t s the 
a r ea of i t s study» s ince i t has wide a p p l i c a t i o n i n sijqper con-
duc to r s i t has been p u t t o maximum use i n t h i s a rea . 
The domain of chemis t ry i s n o t , however, l i m i t e d and 
the s tudy of l a n t h a n i d e c h e l a t e s with f a i r l y a l a rge v a r i e t y 
of c h e l a t i n g agent i s going on. An e f f o r t has been made to 
exanin ing the i n t e r a c t i o n of N,N'-bis(3-carbamoyl e thy l ) 
e thylenediamine commonly known a s A,7-diazadecanediamlde with 
some l a n t h a n i d e ( I I I ) i o n s under t h i s p r o j e c t . 
Since t h e l i g a n d c o n t a i n s both the n i t r o g e n and oxygen 
donors i t i s worthwhile t o i n v e s t i g a t e i f a l l the donor s i t e s 
are prone to coordinat ion and whether i t a c t s as a multiden-
ta t e l igand. 
The nature of compounds has therefore been studied both 
as s o l i d and i n s o l u t i o n . Lanthanides beihg the hard acids 
may e a s i l y In terac t with hard bases . Here the react ion between 
the l i gand under cons idera t ion i s f a i r l y strong, most p laus ib ly 
owing to hard-hard combination of ac ids and bases. 
This project deals with the study of lanthanide compoxinds 
with A,7-diazadecanediamide both in so lu t ion and as sol id. The 
s t a b i l i t y constant of the compounds formed in solut ion has been 
ca lcu la ted using potentiometric techniques , ^ i c h r e f l ec t s the 
order of s t a b i l i t y of the compounds. 
E X P E R I M E N T A L 
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EXPERIMENTAL 
Rare earth meta l ( I I l ) chloride (May and Baker) solution 
was prepared in perch lor ic acid for pH-metric t i t r a t i o n . Ligand 
was dissolved in an ethanol water mixture. Sodium hydroxide 
(E.Merck), perchloric acid and sodium perchlorate(Riedel) 
solut ions were prepared in carbondioxide free d i s t i l l e d water 
and standardised by known method. 
An Elico L1-10 pH-meter with an acciiracy of jf0.05 was 
employed in combination with glass calomel e lec t rode . The pH 
electrode system was ca l ib ra t ed with the help of standard buEfers 
(pH 4.0 and pH 9.2) , The IR spect ra were recorded on a aiimadzu 
IR-408 model as KBr d isc . The NMR spectrum of l igand was run 
in deuterated dimethyl sulfoxide with Varian A-60D model. Mdar 
conductance of O.OOIM solu t ion of complex was measured on an 
Elico type conductivity bridge-
Synthesis of ligand 
Acrylamidc(Reachim) (14,2 g) was dissolved in hot aceto-
n i t r i l e in a 250 ml round bottom f lask and 6.7 ml e thylenedi-
amine was added to t h i s so lu t ion . The r e s u l t i n g mixture was 
refluxed for 2-4 hours and kept overnight v*ien a vAiite so l id 
was obtained. The product was f i l t e r e d , waished with e ther and 
dried in vacuo. 
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Synthesis of complexes 
Aqueous so lu t ion of l igand and the metal(III) chloride 
were mixed in 1:1 molar r a t i o in absolute ethanol. The mixture 
was s t i r r e d t i l l a white ppt was obtained v^ich was washed 
with alcohol and dr ied in vacuo. 
Potentiometric t i t r a t i o n 
The metal chlor ide solut ion was prepared in perchlor ic 
acid to prevent hydro lys i s . The experiment was carr ied out a t 
25"C and a t 0.1M ion ic s t rength. The following solut ions were 
t i t r a t e d against 0.2128 M Sodium hydroxide solution. 
1. 5 ml HCIO^ ( 0 . 1 M) 
2. 5 ml HCIO^ and 25 ml l igand solution (0,005 M). 
3. 25 ml l igand solut ion(0.005 M) and 5 ml HCIO, 
containing (0.005 M) metal chloride solut ions . 
A known quant i ty of sodium perchlora te was added in every se t 
to maintain the ion ic s t rength a t 0.1M. Total volime of the 
so lu t ion in each case was kept constant a t 50 ml by adding 
ca lcu la ted volume of carbon dioxide free d i s t i l l e d water. 
RESULT AND DISCUSSION 
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Resul t and Discussion 
N,N'-bis(3-carbamoyl ethyl) ethylene diamine commonly 
known as 4,7-diazadecanediamide appears to be a raultidentate 
l igand. I t contains both nitrogen and oxygen donors and a l l 
of them are prone to coordination. Analytical data of the 
complexes in the p resen t work suggests the foriiic t ion of 2\ 1 
(Metal:l igand) complexes of the composition[ L«2l*^lzH20)(Lns= 
Lanthanlde, L= l i g a n d ) ] . 
Molar conductance of one millimolar solut ion of the 
complexes measured in EMSO f a l l s in a narrow range indica t ing 
t h e i r non ion ic na ture . 
WMR - NMR spectrum of the l igand was run in deutrated Il'ISO. 
I t displays a s ignal a t 6 4,1 assignable to -4^ Hp proton. Other 
s ignal a t 6 3.3 i s a t t r i b u t e d to the presence of CHp proton. 
IR SPECTRA; 
The IR Spectrum of bis-ethylenediamine exh ib i t s two 
c h a r a c t e r i s t i c bands in 3000-3300 and 1250-1020 cm" region 
vAiich are attributed' ' '^ ' ' '® to %)(N-H) and ^(C-N) bands r e s p e c t i -
vely. A strong band a t 32A0 cm" i n the free l igand shows a 
negative s h i f t of 60 cm upon con5)lexation with metal ions . 
The^(C-N) shows a p o s i t i v e s h i f t of about 10 cm"'' i n fe r r ing 
the ni t rogen coordination. On moving fi:om free to complexed 
l igand >? (C=0) appearing a t 1700 cm"'' i s sh i f ted to lower 
frequency region, which may be assigned to a decrease in electron 
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densi ty as a consequence of coordination of metal ion. In 
addi t ion there are broad weak absorption bands a t 3350-3^0 
and 1600 cm" assigned to-? (OH) and 6(H-0H) respect ively . 
These observations are in agreement with those reported 
e a r l i e r ^ . Three bands appearing a t 850-650 cm" , 375-400 an" , 
and 260-290 cm in the f a r i . r . region of the complexes may 
be assigned to ^ ( M - N ) , - ^ (M-0) and>3(M-Cl), s t re tch ing modes 
respect ive ly . These r e s u l t s indicate that coordination occurs 
through both the carbonyl oxygen and nitrogen. 
Magnetic Momentt 
Magnetic moment of the complexes shows a very l i t t l e 
deviat ion from Van Vleck values indicat ing l i t t l e pa r t i c i pa t i on 
of 4f e lec t rons in bond formation. 
Prtaton Llgand S t a b i l i t y Constant 
filthou^ there are three dissociable protons in the 
l igand only one d i s soc ia te i n the acidic pH range. The remain-
ing two protons are re leased above pH 7. Sinpe the metal ions 
under considerat ion undergo hydrolysis in basic medium* the 
experiment was done in pH range above 7. In the ac id ic pH 
range the n was found to be l e s s than <Mie indica t ing the forma-
t ion of only 1:1 complex in solut ion. The corresponding n. 
value obtained was 0.90, This prompted us to calcula te pKpH 
and log K^  (Fig. 5 ) . 
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H2C CH2 H2C- CH2 
I/" »xl 1 / " 
H2C N^ N CH2 H2C N N CH2 
H2C CH2—»-H2C _ ^CH2 
C NH2 H2N C ( >C ^^^ N C 
/ / \ 0 ^ H / ^^ H \ \ 
0 0 
H' 
[ Fig. 5 ] 
21 Irving and Rossot t i equation [1] was used to calcula te 
the proton ligand formation number 
"^A = Y-^"TTTVijTT^r^l ^ ••• 1-1] 
where Y = Number of dissociable protons. 
V^= Volume of NaOH consumed in titrating against pure 
' acid. 
V^= Volume of NaOH consumed in titrating against acid+ 
•^  ligand. 
V^= Total volume i.e. 50 ml. 
N*= Concentration of NaOH solution. 
E*= Concentration of HCIO. solution 
T, = Concentration of ligand solution. 
"A-1 
PK'^= pH + log ^ ... [2] 
where 1.0 < n^ < 2.0 
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.H „ . '^ A PKV = pH + l o g • _ . . . [3] 
1-^A 
where n. < 1.0 
H H 
PK^ or PKp defined as proton l igand s t a b i l i t y constant 
was calculated using equation (2) or (3 ) . 
Metal Ligand Stabi l i ty Constant 
The di lu te so lu t ions of l an than ide ( I I I ) chloride were 
prepared in HCIO. to prevent the formation of polynuclear 
species and the hydrolys is of metal ions . The metal l igand 
t i t r a t i o n curve i s deviated from pure acid curve a t pH 2 . ^ 3 . 0 
[ F i g . 6 ] , The n values were ca lcu la ted using equation [A]. 
n - ^ ^ . . . [^] 
(V^.V^) n^ X T„ 
V^ = Volume of NaOH consumed in titrating 
acid+ligand+metal ions. 
The highest n values calculated from equation (4) for 
La, Ce, Pr, Sm, Dy, Gd are 0.78, 0.98, 0.68, 0.78, 0.88, 0.88. 
PL values were calculated at various n values using 
equation (5). 
antilog B ^  ij.iJ„ n (V„+V,) 
PL = Log 10 [ n an(tllop; pH ^ o ^-^ 
< \ - ^ ^ ) ^o 
. . . . [ 5 ] 
1^ = Total metal ion concentration. 
V, = Volume of NaOH consumed in t i trat ing 
against acid + ligand + metal ions. 
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Acid alone 
Acid44,7-0iazadecanedl 
amide. 
Acid44,7-Diazadecanedi-
amide * metal ion. 
0 1.0 2.0 3.0 4.0 5.0 
m/s of NaoH 
FI&.6. TYPICAL FORMATION CURVES OF RARE 
EARTH (III) ION COMPLEXES. 
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FIG.7. PROTON LIGANO FORMATION CURVE 
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The s t a b i l i t y c o n s t a n t [ l o g K^] was c a l c u l a t e d aocordiisg 
t o t h e follovidng equa t ion 
n 
l o g K^  = PL + l o g 
1 - n 
The l o g K^  f o r La, Ce, P r , Sm, Gd and Dy fol lows t h e 
o rde r La < Ce < P r < Sm < Gd < Dy. A plot of leg K^  ve r sus e ^ / r 
shows a l i n e a r r e l a t i o n s h i p [ F i g , 9 ] confirming i o n i c bond 
format ion between l a n t h a n i d e ion and t h e l i g a n d . 
19 
PL 
FIG.8. TYPICAL FORMATION CURVE OF RARE EARTH COMPLEXES 
OF 4,7 - OIAZADECANEDIAMIOE . 
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Table 2 - n. Values of 4,7--Diazadecanediamide at 25*C and 
u = 0.1M Ionic Strength . 
(B) Proton ligartd^formation 
pH-meter reading number n^ 
2.5 .90 
3.0 .85 
3.5 .75 
4.0 .65 
4.5 .59 
5.0 .54 
5.5 .54 
6.0 .54 
6.5 .54 
7.0 .54 
7.5 .48 
8.0 .43 
8.5 .32 
9.0 .27 
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Table 3 - Rare Earth Complexes with 4,7-Diazadecaneciiaini(ie 
a t 25*'C and 0.1M Ionic St rength . 
(B) 
pH-meter reading 
2 . 5 
3.0 
3 .5 
4.0 
4 .5 
5.0 
5.5 
6.0 
6.5 
7 .0 
La( I I l ) 
n 
. 0 6 
. 1 3 
.28 
.32 
.27 
.39 
.49 
.58 
.68 
.78 
PL 
5.78 
5.33 
4.91 
4.49 
4.44 
3.56 
3.07 
2.65 
2.27 
1.77 
2A 
(B) Ce(I I l ) 
pH-meter reading — ZT 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
.66 
.31 
.30 
.32 
.45 
.49 
.58 
.58 
.58 
.68 
6.23 
5.43 
4.92 
4.43 
4,06 
3.57 
3.15 
2.65 
2.15 
1.77 
25 
(B) P r ( l I I ) 
pH-meter reading — PL 
2 .5 .61 6.17 
3.0 .18 5.35 
3.5 .42 5.01 
4.0 .49 4.67 
4.5 .72 4.33 
5.0 .78 3.90 
5.5 .78 3.43 
6.0 .88 2.65 
6.5 .98 2.65 
7.0 .98 2.20 
26 
(B) D y ( I l l ) 
pH-meter reading — p^ 
2 . 5 . 7 3 6 .33 
3.0 .69 5.78 
3.5 .71 5.31 
4.0 .81 4.99 
4 . 5 .72 4 .34 
5.0 .78 3 .93 
5.5 .88 3.70 
6.0 .88 3.20 
6 .5 .88 2 .90 
7 .0 .88 2 .25 
27 
Table 4 - S t a b i l i t y Cons tan t , l o g K of Complexes a t 25*C 
And a t 0 .1 M I o n i c S t r e n g t h . 
Complexes l og K^ 
L a ( l l l ) 
C e ( I I I ) 
P r ( l l l ) 
Dy( I I I ) 
3.62 
3.82 
4 .35 
5.27 
PROTON LIGAND STABILITY CONSTANT OF 
4,7-mAZADECANEDIAMIDE AT 25*C AND 
0.1 M IONIC STRENGTH 
pKpH 5.95 
r -^ ^^ x 
r ^ * ^ > *C Ace ^o, 
^V3>S 1708/1; 
^^ •-4f'^ 
R E F E R E N C E S 
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